Background: Elevated low-density lipoprotein cholesterol (LDL-C) is associated with an increased risk of cardiovascular disease or mortality; however, the LDL-C goal for therapy in acute coronary syndrome (ACS) patients is controversial and varies among guidelines. This study aimed to assess the effect of reaching an LDL-C goal of 70 mg/dL (1.8 mmol/L) on first composite cardiovascular outcomes in routine clinical practice in Thailand. Methods: A retrospective cohort study was conducted using medical charts and the electronic hospital database of patients diagnosed with ACS and treated with statins at a tertiary care hospital in Thailand between 2009 and 2012. After admission, patients were followed from the date of LDL-C goal assessment until the first event of composite cardiovascular outcomes (nonfatal ACS, nonfatal stroke, or all-cause death). Cox proportional hazard models adjusted for potential confounders were used. Results: Of 405 patients, mean age was 65 years (60% males). Twenty-seven percent of the patients attained an LDL-C goal of 70 mg/dL, 38% had LDL-C between 70 and 99 mg/dL, and 35% had LDL-C 100 mg/dL. Forty-six patients experienced a composite cardiovascular outcome. Compared with patients with an LDL-C 100 mg/dL, patients achieving an LDL-C of 70 mg/dL were associated with a reduced composite cardiovascular outcome (adjusted hazard ratio [HR]=0.42; 95% confidence interval ), but patients with an LDL-C between 70 and 99 mg/dL had a lower composite cardiovascular outcome, which was not statistically significant (adjusted HR=0.73;. Conclusion: ACS patients who received statins and achieved an LDL-C of 70 mg/dL had significantly fewer composite cardiovascular outcomes, confirming "the lower the better" and the benefit of treating to LDL-C target in ACS patient management.
Introduction
Coronary artery disease (CAD) is one of the leading causes of death worldwide 1 and also in Thailand. 2 Well-established research demonstrates that a reduction in lowdensity lipoprotein cholesterol (LDL-C) is associated with a reduced risk of developing cardiovascular events and of mortality. [3] [4] [5] [6] [7] The main stem in LDL-C reduction is the 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitor, also known as statins. 4, 7, 8 Recommending a treatment target for LDL-C for patients at very high cardiovascular risk, such as patients with acute coronary syndrome (ACS), is based on substantial evidence. Many commonly used guidelines (eg, the National 7 recommend a goal of 70 mg/dL in these very high-risk patients. By contrast, recent guidelines (the 2013 American College of Cardiology/American Heart Association [ACC/AHA] on cholesterol management, 9 as well as the National Institute for Health and Care Excellence [NICE] guidelines on lipid modification released in July 2014) 10 use the "fire and forget approach", which does not recommend LDL-C goal attainment because of a lack of randomized controlled trials (RCTs) establishing the benefit of the effect of treating to LDL-C target on cardiovascular morbidity and mortality. These later guidelines recommend the use of high-intensity statins for secondary prevention in ACS patients, with repeated measurement of lipid profiles being used to monitor patient compliance rather than LDL-C goal attainment.
It is common that very high cardiovascular risk patients such as ACS patients have difficulty in achieving an LDL-C goal of 70 mg/dL. Less than 45% of high-risk patients can reach LDL-C of 70 mg/dL, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] with only 10% of patients achieving this goal in a study conducted in Greece. 13 Patients not achieving the desired LDL-C goal are at greater risk of cardiovascular events. The treat to target approach has greater benefit in identifying those ACS patients who fail to attain the LDL-C goal. In contrast, the fire and forget approach fails to recognize those ACS patients not achieving the desired goal; these ACS patients are at higher risk of cardiovascular events. As per the 2013 ACC/AHA guidelines, which recommend treatment according to patient risk and statin potency, a reduction in LDL-C of at least 50% is expected with high-intensity statins; however, variations in response to medications from patient to patient are common. Without follow-up lipid profiles, there is difficulty in evaluating the patients' cardiovascular risks. Elimination of the LDL-C goal target is perhaps the most controversial change among experts and physicans since the new 2013 ACC/AHA guidelines were released in November 2013. 25, 26 This study therefore aimed to assess the association between LDL-C goal attainment of 70 mg/dL and cardiovascular outcomes in ACS patients treated with statins in routine clinical practice in Thailand.
Methods

study population and setting
This retrospective cohort study was performed at a university-affiliated hospital, the Maharaj Nakorn Chiang Mai Hospital, in northern Thailand. This hospital provides services to patients in Chiang Mai province (a population of 1,600,000) as well as those patients referred from hospitals from 17 other provinces in the north. The hospital has 1,400 patient beds and an average of 1,300,000 outpatients and 48,000 inpatients each year. The study protocol was reviewed and approved by the Research Ethics Committee, Faculty of Medicine, Chiang Mai University, before commencement of the study.
A study nurse aware of the protocol and a researcher retrospectively selected all patients (aged 18 years) hospitalized with a diagnosis of ACS according to the International Statistical Classification of Diseases and Related Health Problems, 10th Revision, code of I20 (angina pectoris) and I21 (acute myocardial infarction [MI] ) who were treated with statins from 2009 to 2012. The patients' information, including demographic data, comorbidities, CAD risk factors, current medication, and laboratory results, including lipid profiles (total cholesterol, LDL-C, high-density lipoprotein, and triglycerides), was retrieved from medical charts and from the electronic hospital database. Patients were included in the analysis based on the following criteria: 1) admission date between January 1, 2009 and December 31, 2012; 2) diagnosis at discharge from medical charts as ACS patients, classified into three groups: unstable angina (UA), non ST-elevation myocardial infarction (NSTEMI), and ST-elevation myocardial infarction (STEMI); 3) treated with statins during admission or on discharge date; 4) had LDL-C measurement both at admission (baseline) and at follow-up between 14 days and 1 year, as long as they remained on statins throughout this period of time; and 5) were followed for at least 12 months from the date of achieving the LDL-C goal of 70 mg/dL (index date) until the first event of cardiovascular outcomes occurred or until December 31, 2012, whichever came first, or the last entry on the medical record of a patient. Time to cardiovascular events was the interval between the dates of measuring the LDL-C goal to the date of the first cardiovascular event (Figure 1 ).
achieved lDl-C levels and cardiovascular events
Patients were divided into three groups by lipid levels at 2 weeks to 1 year of follow-up after admission: 70 mg/dL, 70-99 mg/dL, and 100 mg/dL. According to the updated NCEP/ATP III 4 and the ESC/EAS guidelines, 7 those patients with LDL-C 70 mg/dL (1.8 mmol/L) were classified as achieving LDL-C goal. 
statistical analysis
We carried out all analyses with STATA software, version 12 (StataCorp LP, College Station, TX, USA). Using descriptive statistical methods, categorical variables were reported as counts and percentages, and continuous variables were presented as means with standard deviations. Differences between groups were compared using Fisher's exact tests for categorical variables or one-way analysis of variance for continuous variables. Univariable and multivariable Cox proportional hazard models were used to determine the effect of LDL-C goal attainment on cardiovascular events. The multivariable analysis were adjusted with potential confounders (age, sex, diabetes mellitus, hypertension, serum creatinine, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, revascularization, and baseline LDL-C level) and stratified by spectrum of ACS (UA, NSTEMI, STEMI). Patients with LDL-C 100 mg/dL were the reference group. The two-tailed test was used, and P-value0.05 was considered statistically significant.
Results
We identified a total of 1,089 patients diagnosed with ACS from 2009 to 2012. We excluded 684 patients from the analysis because of unavailable data of LDL-C level at baseline or follow-up, resulting in 405 patients in the final analysis. Comparison between patients included and excluded from the analysis indicated that the two groups were not significantly different in their baseline characteristics, except that included patients were younger than excluded patients (64.9±11.5 vs 67.2±12.9; P-value=0.003).
Of 405 patients, 403 patients (99.5%) were treated with statins for the whole follow-up period, which was from baseline until the dates of first cardiovascular event occurring or until December 31, 2012, whichever came first. Statin therapy in two patients (0.5%) was discontinued during 
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Chinwong et al their follow-up period because of their low LDL-C levels, about 40-45 mg/dL. Table 1 shows the baseline characteristics of the three groups as defined by their LDL-C level: 70 mg/dL, 70-99 mg/dL, and 100 mg/dL. Twenty-seven percent of the patients attained an LDL-C goal of 70 mg/dL, 38% had LDL-C between 70 and 99 mg/dL, and 35% had LDL-C 100 mg/dL. These three groups were similar in demographic characteristics, statin therapy, and coronary artery risk factors, except that patients with LDL-C 70 mg/dL were older and lower in total cholesterol and LDL-C levels at baseline compared with the other two groups (Tables 1-3) . Forty-six patients experienced cardiovascular outcomes (35 nonfatal ACS, one stroke, ten deaths). Median follow-up time from the date of measuring LDL-C goal attainment (index date) to the date of occurrence of the cardiovascular event was 1.74 years (interquartile range of 0.74-2.53). The incidence rates (per 1,000 person-years) of cardiovascular outcomes were 43 in the LDL-C 70 mg/dL group, 66 in the LDL-C 70-99 mg/dL group, and 88 in the LDL-C 100 mg/ dL group (Table 4) . Multivariable Cox proportional hazard models showed that ACS patients treated with statins who achieved LDL-C of 70 mg/dL had fewer cardiovascular events compared with patients with an LDL-C 100 mg/dL (adjusted hazard ratio [HR]=0.42; 95% confidence interval [CI]=0.18-0.95; P-value=0.037). Similarly, patients with an LDL-C between 70 and 99 mg/dL were less likely to have cardiovascular events compared with patients with an LDL-C 100 mg/dL, but this was not statistically significant (adjusted HR=0.73; 95% CI=0.37-1.42; P-value=0.354) ( Table 5) .
Discussion
LDL-C goal attainment of 70 mg/dL has been used as a target for therapy to reduce further progression of cardiovascular events in ACS patients, as recommended by many guidelines since 2004. Recently, the treating to target approach has been a controversial issue in lipid management for physicians. Some guidelines -2013 ACC/AHA guidelines on cholesterol management, 9 as well as NICE guidelines on lipid modification 10 -have abandoned the LDL-C goal due to the lack of RCT studies confirming the benefit of treating to LDL-C target on cardiovascular morbidity or mortality. Most RCTs of cholesterol-lowering medication were conducted testing drug treatment against a placebo control or a high-intensity drug with a lower-intensity drug. 9, 10 In contrast, some guidelines -the 2011 ESC/EAS guidelines for the management of dyslipidemias, 7 as well as those of the 2014 National Lipid Association 27 -support using an LDL-C goal as a target for therapy in ACS patients. This clinical-based study in Thailand demonstrates that achieving 
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Chinwong et al an LDL-C goal of 70 mg/dL is associated with a reduction in cardiovascular events, a finding that supports the treating to LDL-C target approach. The findings also highlight that lower LDL-C is associated with better clinical outcomes. Although this is an observational study, the results represent the real-world clinical practice of cardiologists taking care of patients with very high cardiovascular risk. Interestingly, our findings, which support treating to LDL-C target and the lower the LDL-C the fewer the cardiovascular events, are in line with the recently released results of the study Improved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT). [28] [29] [30] This study was conducted in 18,144 patients with post-ACS and conducted over 9 years in 39 countries. It was found that the mean LDL-C at baseline was reduced from 95 mg/dL to 53.2 mg/dL at 1 year in patients receiving ezetimibe 10 mg plus simvastatin 40 mg, compared with 69.9 mg/dL in patients who received simvastatin 40 mg alone. The primary end point -a composite of cardiovascular death, MI, UA requiring rehospitalization, coronary revascularization, or stroke -in the ezetimibe plus simvastatin group was decreased by 6.4% over 7 years when compared with only simvastatin 40 mg (P-value =0.016). Further, our findings are also consistent with the results from three post hoc analyses 
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lDl-C goal and cardiovascular events in aCs patients of data from two RCTs. [31] [32] [33] A post hoc analysis of the Treating to New Target (TNT) study, where patients were divided into quintiles according to their LDL-C levels, revealed that the patients who attained LDL-C levels 64 mg/dL had the lowest rate of major cardiovascular events (ie, CAD death, nonfatal MI, and stroke). 31 The risk was reduced in proportion to reductions in LDL-C levels. 31 In a further post hoc analysis from the Pravastatin or Atorvastatin Evaluation and Infection Therapy-Thrombolysis In Myocardial Infarction 22 (PROVE IT-TIMI 22) study, 32 ACS patients were divided by 4-month LDL-C levels into four groups (40, 40-60, 60-80, and 80-100 mg/dL). The two groups with lower LDL-C values (40 mg/dL and 40-60 mg/dL groups) had fewer cardiac events (death, MI, stroke, recurrent ischemia, revascularization) when compared with the reference group (80-100 mg/dL): 40 mg/dL, HR=0.61, and 40-60 mg/dL, HR=0.67. 32 Another post hoc analysis of the PROVE IT-TIMI 22 study among elderly patients with ACS found that the achievement of LDL-C 70 mg/dL was associated with a 40% relative lower risk of events (acute cardiac clinical events of death, MI, or UA requiring rehospitalization): HR=0.60. 33 In addition, an observational study reported by Rallidis et at 16 found similar results that LDL-C goal attainment is associated with a reduction in cardiovascular events. Patients at very high risk with stable CAD who achieved an LDL-C goal of 70 mg/dL were less likely to have cardiovascular events (HR=0.34, 95% CI=0.17-0.70; P-value =0.003).
16
Our findings underscore the importance of achieving LDL-C target goals for patients at very high risk of cardiovascular events. LDL-C goal attainment is associated with reduced cardiovascular outcomes; therefore, it is essential to continue using LDL-C 70 mg/dL as a target goal for treatment in very high cardiovascular risk patients. Moreover, the treat to target approach is beneficial for a patient-centered approach where physicians and patients discuss treatment objectives and use the treatment goal in order to follow patients' progress and to maximize long-term adherence to the treatment plan. 27 A study in Singapore found that 80% of CAD patients did not know their LDL-C target because of poor, or lack of, communication regarding LDL-C targets between physicians and patients, suggesting that patients may not achieve their treatment targets. 34 Besides, many studies show a positive relationship between adherence to taking statins and achieving the LDL-C goal. [35] [36] [37] However, adherence to statin therapy declines over time; ACS patients had a 2-year adherence rate with statins of about 40%. 38 Therefore, discussion with the patient of the importance of achieving and maintaining the LDL-C goal to reduce the risk of a cardiovascular event is vital.
In addition, and similar to previous studies, our findings demonstrate the difficulty in achieving an LDL-C goal of 70 mg/dL in patients with ACS; these patients are at higher risk of further cardiovascular events. Although only 27% of ACS patients in our study achieved LDL-C levels 70 mg/dL, the success rate of patients achieving this goal was higher than in previous studies in Thailand that showed 20% attaining the goal. 11, 12 The finding is consistent with other studies that found that less than half of patients at very high risk for cardiovascular disease attain the LDL-C target. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Failure to achieve the LDL-C goal in ACS patients is due to some factors as discussed in a previous study, 39 such as inadequate lipid therapy, 39 health care policy, 39, 40 or poor adherence to statin therapy. [35] [36] [37] Since using the treat to target approach can identify ACS patients who fail to attain the LDL-C goal (about three-quarters in this study), these patients can be identified as at greater risk of cardiovascular events; thus, LDL-C goal attainment is essential and also a means for doctors to follow up patients' progress.
strengths and limitations
To the best of our knowledge, this study is possibly the first study in Asia to confirm that treating to LDL-C target of 70 mg/dL reduces cardiovascular events in very high cardiovascular risk ACS patients in real-world clinical practice.
However, the present study has some limitations. First, as it is a retrospective study, the results should be interpreted with caution due to possible confounders and lack of some information. Although we attempted to adjust for potential confounders in the statistical methods, residual unknown confounding factors could remain with this study design. No data on statin therapy prior to admission are available in about half of the patients because of various reasons (eg, some patients were referred from other hospitals in northern Thailand without information of statin therapy before their admission). However, all patients received statin therapy on their discharge dates. Second, it may not reflect the situation in other areas in Thailand or other countries because 1) all patients were from a university-affiliated hospital and 2) all patients were managed by cardiologists. Nevertheless, we believe that our finding -treating to LDL-C target of 70 mg/dL decreases cardiovascular events -is applicable for ACS patient management in other countries, because our findings are quite consistent with the IMPROVE IT study, which enrolled ACS patients from 39 countries with different clinical practice patterns as well as social and submit your manuscript | www.dovepress.com
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Chinwong et al economic background. [28] [29] [30] Finally, statin adherence, statin dose titration, and lifestyle therapies such as diet or exercise during treatment may have had an impact on LDL-C goal attainment and cardiovascular outcomes, but these were beyond the scope of our study. However, the effects of statin adherence, statin dose adjustment, and lifestyle therapies on cardiovascular outcomes warrant further analysis.
Conclusion
All in all, ACS patients who received statins and achieved an LDL-C of 70 mg/dL were more likely to have fewer cardiovascular outcomes, confirming the concept "the lower the better". However, about three-quarters of ACS patients in this study had difficulty achieving the LDL-C target; patients not achieving the LDL-C target are at greater risk of cardiovascular events compared with those achieving the goal. The treating to LDL-C target approach is supported by our finding, the 2011 ESC/EAS guidelines for the management of dyslipidemias, 7 and the 2014 National Lipid Association guidelines. 27 Thus, the use of the LDL-C goal of 70 mg/dL should be continued for lipid therapy and as a means of communication of patients' progress between physicians and patients.
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/therapeutics-and-clinical-risk-management-journal Therapeutics and Clinical Risk Management is an international, peerreviewed journal of clinical therapeutics and risk management, focusing on concise rapid reporting of clinical studies in all therapeutic areas, outcomes, safety, and programs for the effective, safe, and sustained use of medicines. This journal is indexed on PubMed Central, CAS, EMBase, Scopus and the Elsevier Bibliographic databases. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
